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IBTRODUCTIOH 

Vapor - liquid transfer operations auch aa absorption, 
distillation, and stripping and tha daslgn of equipment to 
effact such aaparatlcna have bean tha object of much raaaarch 
over tha laat twenty-five years* Tha rata of mass transfer 
la know to depend on such physical conditions aa temperature, 
pressure, equilibrium relations, and upon the so called effi- 
ciencies of tha particular type of apparatus* 

The dsvelopment of adsorption equipment began with the 
relatively simple process of bubbling the mixture of gases 
through a suitable liquid to selectively absorb one or mors 
of the gases* It was soon recognised that tha dapth of the 
liquid and the size of gas bubbles were Important factors* 

In other words, the design of absorption equipment **oved In 
the direction of developing conditions of maximum surface area 
contact* Aa a matter of fact all aquations develoned to 
calculate production sizee of equipment have this rather un- 
determinable factor of "affective area". 

It was for this reason that wa had the development of 
the packed column and the inevitable discussions of the rela- 
tive merits of the size end shape of such packing Such 
columns are etlll In moat general us a and ara in ganeral built 
upon the experience that if built high enough, maintaining a 
reasonable mass velocity by control of the diameter of the 
column and free apace in the packln and using a sufficiently 
high ratio of roles of absorbing liquid to moles of gas, high 
recovsrles usually in excess of 95 per cent are realized* Aa 
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a raattar of fact, six of such units In stries with an overall 
actual haight of 260 feat hava bean in oparation In the re- 
c ovary of light oila fro® coke ovan gas. 

It is obvious that tha pumping costa in such units would 
ba hi jh but probably tha greatest objectio- la that such syateca 
tend to plug aithar by accumulation of tar like materials or by 
rsslnlficatlon of active materials? on such large surfaces* This 
results in reduced capacity and higher pumping cost and the 
necessity of periodic cleaning* 

These objections led to the development of spray adsorp- 
tion systems starting from relatively simple sprays falling 
considerable distances in open or partially filled columns to 
tha most recant design of systems in which tha sprays ware 
collected at different points in the column and raclroulatad 
in secondary spray systems at velocities in excess of the in- 
let rates. 

At the present time great progress is being made in this 
design, particularly in the by-product coke Induatry where 
definite comparisons have been made with previous units. While 
permission has not been Ivan to disclose the exaot design, 
it can be said that in th? recovery of ammonia from gases, one 
euch unit has replaced eight standard saturator units and in 
the recovery of light oils two units in series are giving re- 
sults equivalent to twelve standard units of equal hei frt and 
substantially the same production. Such results lead on# al- 
most inevitably to a study of the application of atomisation 
to absorption. 
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THEORY OF ATOMIZATION 



Ths purpose of atomization of liquids la to produca a high 
ratio of surfaoa to mess* resulting In an intimate contact be- 
tween a gas and a liquid* While thara ara other so called methods 
of atomisation such as* pressure nozzles and high speed rotating 
disks* the two fluid or gas stream method of atomization will be 
considered in this study whereby a gaB stream is used to atomise 
s liquid through a common nozzle* 

In any commercial absorption system there Is obviously a 
cartaln amount of gas to be treated by an squally definite 
quantity of absorbing liquid* because of tue closed distillation 
system* to recover the product* A limiting factor* therefore* 
must be developed whereby the gaaes to be treated ere suffi- 
cient to atomize all of the absorbing liquid* In this sense 
the problem is different from that of atomization in oil burn- 
ers where large excesses of air may be uaed* 

In effecting the atomization of a liquid « • •* 
force is applied to the liquid to set it in motion, 
end generally to constrain it to emerge at soa* stage 
of the process as an attenuated film* This film la 
then disrupted into shreds or filaments* either by 
the application of other forces or by the persisting 
balance of energy In the liquid derived from the in- 
itial force which promoted its flow. The shreds or 
filaments then break up ir.to numbers of smaller frag- 
ments* which thereupon rapidly assume spherical form 
under the action of the surface tension of the liquid 
itself* 

Broadly speakin*-, therefore, the atomization of 
a liquid • • • involves enforced attenuation* followed 
by ligament or filament formation and disruption* The 
disruption of the filaaente under the adtion of surface 
tension follows the nd rule* and results in the pro- 
duction of main droplets end Plateau droplets* Since 
the filaments themselves vary mostly in disaster* the 
resulting mein droplets and the subsidiary droplets 
produced from them very in size correspondingly, and 
in the aggregate the entire atomized spray is thus 
composed of droplets of a wide range of sizes* 
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It must not be assumed, however, that there 
is a clear line of demarcation between the two 
phases, namely the attenuation and the filament 
disruption. The formation of the filaments is 
due In part to the applied force causing attenu- 
uation and partly to surface tension, and there is 
an interplay of thaae forces during the atomiz- 
ation process, oerhaps also with the int erven 5 ion 
of outside influences, as, for example, of the 
air directed Into the spray for combustion pur- 
poses* 

The process of atomization will continue in 
this way so long as liquid ie fed to the atom- 
iser and subjected to the attenuation process; 
and the rats of . . * flow nay ba adjusted, with- 
in limits, to suit requirements without afftctlnr 
the continuity of the process* 

2—6 

Hukiyana and Tanas ana have dons considerable work on 

drop else in gas stream atomization, both with convsr ent 
nozzles and sharp edge orifices. Air was used to atomise 
water, and the drop# were collected on a specially prepared 
oil slide by means of a shuttar arrangement. The slides wars 
then photographed, the nvesber of drops counted, end the mean 
diameter d_ calculated from, 

Jj 9 

d Q » Zx 5 * An/Zx 2 . An (1) 

where An represents the number of drops, the diameters of 
which lie between x and Ax * It waa found that the vean 
diameter of the drops were uniform everywhere in the sprayed 
Jet with the exception of the extremities* 

The diameters of the water nozzles D w wars varied by 
these Investigations from 0*2 to 1*0 nan and those of the air 
nozzles from 1 to 5 ra, The air velocity v^, water velocity 
Y w , and air - water volume ratio Qg/Q* were also varied, and 
It wes found that the drop size decreased with Increasing air 
velocity for both types of nozzles* It was also found that 
It io the ratio Qg/Q* timfc the mean diameter d Q and 
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not the values of v^, & w , nor the nature of the flow of water, 
whan the relative velocity {v fc - v^) was kept constant* The 
wean diems tor decreases with the Increase of Q^/C^up to approx- 
imately 5000, but beyond that the mean diameters are constant 
for a given air velocity* Por values Qg/Q* beyond 5000, It 
was found that the mean diameter decreased with an Increase in 
relative velocity, and that the results could be represented 
by the formula 

d Q « 5500/v (2) 

for the convergent nossle and by 

d - 3400/v (3) 

for the aharp edge orifice, where d Q le the mean diameter in 
microns, and v is the relative velocity In meters per second* 
These values are for water only, and vary with the liquid to 
be atomised* The results show apparently that the sharp edged 
orifice Is superior to the convergent nossle In the atomising 
action* The relative velocity v and the ratio C^/Q w ware kept 
constant and the else of the air and water nozzles were varied, 
but no obvious difference in drop else was noted* 

These investigators also proposed two empirical equations, 
on# predicting the surface average drop else and the other on 
particle else distribution by atomisation with hi$i velocity 
gas streams* 

In the present paper, it is found that the 
distribution of drops at an arbitrary point in a 
sprayed Jet can be expressed by a simple empirical 
formula of the type 

dn « ax p dx 
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where a, b, £, and £ are constants, ami x is th# 
’"san dTameter of dn' di’ops restricted to The limit- 
ing diameters {x - dx/2 ) and (x_ + dx/2) : l«e« within 
the range of diameters dx * 

When the velocity and the quantity of the ftir 
stream are both hl^h and sufficient (v * 150 to 
*00 si/s), £ /<?- > 50 00, we £« t ths value# of jd «nd 
^ »8 2 and I « • • • Thus we obtain 



where n Is the total number of drops appeared in 
a certain photon! or ogr an . * * * If the velocity 
snd the quantity of the air streams are not both 
high and sufficient* £ becomes less- than 1 snd 
the degree of uniformity decreases* 

The following expression is derived for the 
mean diameter of the drops 



where ci measured in microns; =* t;ijo exs-ssetr or 
a sin Te drop having the suse volume - surface 
ratio as the total sum of the drops, v m/s » the 
relative velocity between the liquid and sir stream 
p /enr * the density of the liquid, 6. dyne/esu* 

The surface tension of the liquid,* jf’dynee/em * 
the viscosity of the liquid, cm* * the quantity 
of the sirj £, cm 0 /# ■ the quantity of the liquid* 

From the’ 1 above expression it may be concluded 
that the magnitude of ths drops Is mainly governed 
by the value of rfF /v'Ce' , when the ratio 0 /£, 1* 
large, whereas the viscosity is of minor importance 
« • • « But when the ratio £ /£.. becomes leas, the 0 
magnitude la mainly 'ovemad^by -1 ths value * ° 

(1000 fi./s*) * 9 , and the surface tension gives only 
a slight influence • • • • ° 

7 

These equations were studied and verified by Lewis et si 

Q 

snd also by Mugele and Svens . 
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EXPERIVEHTAL APPARATUS 

The apparatus used in this experiment is shown diagram- 
matically in Figure 1# The carbon dioxide supply was a fifty 
pound cylinder of carbon dioxide* The carbon dioxide rate 
was controlled by means of a standard carbon dioxide reducing 
valve, and the quantity was measured by means of a gas rotameter. 
The cooling effect duo to the throttlln.; of the carbon dioxide 

Q 

caused fluctuation in the rate of flow. These fluctuations 
were eliminated by allowing the carbon dioxide to flow long 
enough to maintain essentially constant temperature and hence 
constant flow rate through the throttlln valve before taking 
readings* The air was supplied by an Ingersoll Fand air com- 
pressor* The air rate waa maintained constant by means of a 
needle throttling valve, and the rate was measured by means of 
a second gas rotameter* The carbon dioxide and air lines were 
Joined upon leaving the respective rotameter and the mixture 
was led into the mixing chamber of the nozzle Figure 2* 

The water supply was taken from the city water main* It 
waa put through a glass wool filter which was placed in the 
supply line* The water rate was measured by a liquid rotaneter 
and controlled by means of two control valves, one placed 
before end one after the rotstreter in the line* The water 
line contained a bleed off valve for purging* The water was 
introduced into the nozzle frcet the back Figure 2 and then 
mixed with the gas mixture in the mixing chamber and then dis- 
charged into the collector aa a fog* 



V 



tA*~- 



"jUOMl* ^DM *.* •• •••*» #«4 *U9i)« *f? 

• ••• <:■■•* '• •> *.«• .1 "•• . Z Cm*: t * .> 

i|.. ... 1#> * ' 1 L i ' f 

• I-. *-,»•••>. **••■ «* l --"ms 

•**. V Mt '!*«• «CT 

m»*r <v?1 % milt aff «J «MnD 

*«AJi -f *. * C * I • ’■»<* « ♦ • . ’ 1# • '*•**' 1 l* I l • 

• j mmJ ph IfWltMM * • ,- 4^< f — it# 

1**4 %> ■»••* •«!». |Ail • M llci toil iOV*litt 

. -.,*1 • i i • * I - • . ••}*»» 

* ••* «»*•• »’ :••’*•> •*• *.-• ih • .'•••** 

r. . • . .«*•*•* . f - !J *.o* fcj *1 . j«»- 

•*.- .♦• t Wu .V mJ* .' *J \ %* - a 

i *41 M* ^4+m*9\1 V9* U H g*+ 90f *#m«l QV Mliat 
i M . «... . - .. * ' * i > • • n* ■! V f iv 

,»ti i «-» • . . :o ’ ot*« mw 

M* t> Mail i*t at fr*m» *•#{. a * *-*ao «*a • 

.<-••• •*•,.._♦ ... . » i • « 

«* »*.- .•»• ,%*«!•« - " '.IV * %J j •<-!•« V 4 IttiJ-tlwr* '«* 

I "• • • * -*« ' *• - 

ttfl «*4«« *r . >t t«t«f 1* • MiAlMftA Mil 

- ' . - . r /*« : ' V . *:.4.ui ui# a>Al 6#0ujft<»mJ . t 

-at* m« «v nMuMto 4ln|v n at i wilJi »a «J dt rm Ante 

. * « »- ' * *■• >' ♦ i - 






8 



The collector waa sealed to the nozzle at the nozsle end 
and open at the discharge end* Several different typea and sizes 
of collectors were used as listed In tables # 3 k 4* 

The atomizing nozzle used was a sharp- edged gas atomising 
nozsle. Figure 2. The design was a modification of that used by 
Kukiyama and Tanasawa.* The water orifice waa 0*013 Inches and 
the outlet or gas - water mixture nozsle waa 0.150 Inches In di- 
ameter. 



V lt Vs - COA/rffOL VALVES 

R J /j - PRESS i/PE PO/RTS 

T, - TEMPPP/truP£ Po/pr 
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D/AGRAMAT/C SKETCH CP APPARATUS 

FIGURE / 
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EX PERI ¥ OfTA L PROCEDURE 

Petered streams of carbon dioxide and air ware s-lxed and 
fed into tha atomising nozzle* Rataa of both streams wera 
maintained constant by manually operated throttling valves* 

The ratio were observed by means of gas rotameter readings in 
each of the lines* The rotameters were placed so that the 
readings were obtained Just before mixing of the ^ases* 

Tap water from the Bethlehem City water main was used. 

The water was introduced to the nozzle through a liquid rota- 
meter* The temperature of the water was that of the under 
ground lines end therefore varied somewhat from day to day* 

The water rate was maintained constant manually by means of s 
control valve* 

The water entered the atomizing nozzle from the back and 
then into the atomizing chamber through a 0.013 inch orifice* 

The gee mixture entered the atomizing chamber from the side* 
picked up the water and the mixture was then dispersed into 
the collector through a 0*150 inch orifice as a fog* This fog 
wae discharged into a collector* The collector consisted of 
s glees pipe. Pipes of various lengths and diameters wars tried 
so as to nots tha affect that each had on the fog pattern* The 
end of the tubs through *hich the nozzle fitted was sealed 
around the nozzle to prevent air from being d in by the 
fog leaving the nozzle* The discharge end of the collector 
was left open and the staples for analysis were collected at 
the discharge end* The tempera ture of the water carbon dioxide 
mixture was than taken at the discharge end of the eollecta* • 
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Huns were mads in tha following manner i The inlat gat 
composition and tha gas and liquid rates wars fixed# Th ay- 
ware a 1 lowaci to run until steady ratas could be vaintalned# 
This was nacassary dua to tha cooling affect of the carbon 
dioxide through the reducing valve which would causa fluctu- 
ations in tha carbon dioxide rata for awhile after starting# 
After ratas became steady liquid samples were taken from the 
end of the collector and analysed# The temperature of the 
water - carbon dioxide mixture was taken at the sampling end 
of the collector# 
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ETHOD 0? ANALYSIS 

There w ere two methods of Analysis of the water - carbon 
dioxide solution used* In ths first method 10 nl samples were 
collected In a pipette and introduced Into a flask* The HgCO^ 
was neutralized by titrating with 0*0527 Jf Sa(0H) 2 directly* 

Runs 1-37 were analyzed by this method* 

It was felt that some of the carbon dioxide was being lost 
to ths surrounding air during sampling and titration so a 

Q 

second method of analysis was tried* In this method the sample 
tbllocted a a before in a 10 ml pipette, but was introduced 
into a flask containing 10 ml of 0.0527 H Ba(0R) o # The end 
of the pipette was placed beneath the surface of the Ba(0it)g 
when transferring the sample* The excess Ba(0H)2 was then 
neutralized by titrating with 0*0935 X« BC1* Runs 38 - 48 were 
made to cheek these two methods of analysis* It was apparsnt 
that carbon dioxide had been escaping in the first, method of 
analysis so the second method was adopted for the remaining 
experimental work. 
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TABLE 1 



DetermI nation of time necessary to obtain constant 
sample using iron pipe 10* ll*x2 1/2” as collector. 



Run 


Time 


T S* P# 


Water C0„ 


COg absorbed 




rain. 


Rate 


Rate 


grf COp per 








min. 


C . P. M« 


100 gr« H 2 0 


1 


1 


66 


93 


2*26 


0.056 


1 


2 


66 


93 


2.26 


0.088 


1 


3 


66 


93 


2.26 


0.091 


1 


4 


66 


93 


2.26 


0.163 


1 


5 


66 


93 


2.26 


0.166 


2 


1 


69 


81 


2.29 


0.086 


2 


2 


69 


81 


2.29 


0.094 


2 


3 


69 


81 


2.29 


0.144 


2 


4 


69 


61 


2.29 


0.137 


2 


5 


69 


81 


2.29 


0.146 








TABLE 2 






Effect of variation of 


COg rate. 


Collector same as Table 1. 


Run 


T $' 


3# 


Water 


C Op 


C0 o absorbed 






Rate 


Rate 


grV COp per 
100 gr 1 RgO 








cc/mln 


C.F.1% 


3 


80 




96 


0.42 


0.076 


4 


80 




96 


0.66 


0.098 


6 


80 




96 


1.06 


0.117 


6 


80 




96 


1.52 


0.136 








TABLE 3 








Effect of 


variation of gas composition. Temperature 




waa 70°F. 


Collector waa same as in Table ] 


L. 


Run 


Press 


Water 


Air 


cop ic o„ 

Rate lciet 


COp absorbed 




psia 


P.ate 


Rate 


grf COp per 






cc/min 


C.F.M. 


C.F.M. 


100 grS FgO 


7 


34.7 


128.0 


3.35 


0.86 20.5 


0.012 


8 


24.7 


128.0 


1.90 


0.76 28.6 


0.028 


9 


22.7 


128.0 


1.67 


0.73 31.7 


0.032 


10 


23.7 


125.5 


1.37 


0.94 40.6 


0.056 


11 


29.7 


125.0 


1.30 


1.30 60.0 


0.092 
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12 

13 

14 

15 
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1ABLE 4 



Effect of varying else of collector* 



COg rate 1*26 C.F. 
Pressure 32*7 pela 


d, air 


rat© 2 C.F.w. 




* 38.6’ y 


COg in inlet 


gas 


Type Collector 


Wat or 
Rate 


Tgnp. 


COg absorbed 
gri r.Op per 

100 gr& HgO 


0*x2 3/4” pipe horlz. 


92 


69 


0*084 


4»x2 3/4” pi p« horlz. 


92 


69 


0.129 


Wo pipo 


92 


69 


0*063 


4’x2 3/4" pipe vert* 


67 


69 


0.033 


4»x2 3/4" pipe vert* 


67 


69 


0.047 


4*x2 3/4" pipe vert* 


85 


70 


0,035 


4*x2 3/4* pipe vert*' 
2"xl/2" rubber hose 


85 


70 


0.035 


90 


70 


0*053 


4*x2 3/4" pipe horlz* 


88 


70 


0*110 


3»x5 1/2" pipe horiz. 


88 


70 


0.026 


3*x5 1/2" pipe horlz* 


88 


70 


0*031 


l*xl 7/8" pipe horiz. 


90 


70 


0.038 


l»xl 7/8” pipe horlz* 
2*x7/Q" pipe horlz* 


90 


70 


0.050 


90 


70 


0.045 


2*x7/8" pipe horlz* 


94 


70 


0.033 


2»x7/8" pipe horlz* 


90 


70 


0.031 


2*x7/8 n pipe horlz* 


90 


70 


0.022 


2’ x7/0 n pipe horlz* 


82 


70 


0.040 


2’x7/8" pipe horlz* 


85 


70 


0.043 


2*x7/8* pipe horlz* 


85 


70 


0.041 


2«x7/8" ploe horlz* 


92 


70 


0.023 


2»x7/8" pipe horlz* 


96 


70 


0.043 


l»x2 3/4" pipe horlz* 
(conetrleted end) 


93 


70 


0.037 


l*x2 3/4" pipe horlz. 
(constricted end) 


85 


70 


0.035 


l*x2 3/4" pipe horlz* 
(open end) 


92 


70 


0*051 
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TABLE 5 

Comparison of titration methods* Gas rate and cow position, 
pressure and temperature were hold constant* Water rate wa a 
92 cc/nin. for run# 37 & 38 and 85 cc/min. for runs 39 - 47, 
Collector was a 4* x 2 3/4” pipe In a horiaontal position# 

Run Or# C0 fi absorbed per Cr. C0« absorbed per 

100 grs KUO# Analysed 100 g ra H o 0. Analysed 

by titration with Ba(0H) 2 by placing 10 ml of 

sample in 10 ml of 
Ba(0R)p and titrating 
oxcess ;Ba(0H) 2 with HCL 



57 


0.025 


0.047 


38 


0.027 


0.057 


39 


0.037 


0.050 


40 


0.038 


0.060 


41 


0.035 


0.060 


42 


0.029 


0.044 


43 


0.037 


0.059 


44 


0.055 


0.059 


45 


0.033 


0.054 


46 


0.037 


0.058 


47 


0.038 


0.060 




TABLE 6 





Effect of variation of gas composition# ’ater rate was 
conatant at 100 cc/min. Collector same as in Table 5, 



Run 


Trap. 


Press 


#C0 Q 


Air 


co 9 


C0 2 absorbed 




r* 


psla 


lnllt 


Hate 


Rate 


grf C0 p per 




* 




n.p. «. 


C.^. . 


100 grs n 2 o 


48 


70 


23.0 


32.0 


1.56 


0.73 


0.060 


49 


70 


29.7 


28.3 


2.10 


0.83 


0.040 v 


50 


68 


31.7 


16.3 


3.08 


0.60 


0.030 


51 


76 


29.7 


50.0 


1.20 


1.20 


0.073 


62 


76 


23.0 


32.9 - 




0.74 


0.054 


53 


76 


29.7 


27.9 


f • 07 


0.84 


0.038 
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EXPIAKATIOK 0? TABLES 

Air rates and carbon dioxide rates in all tables have 
been corrected to cubic feet per minute at one atmosphere 
pressure and 70°P. The pressures listed in the tables ar© of 
the metered gas and not that of the gas - water mixture. ihe 
pressure of the gas - wster mixture was one atmosphere. 

Table 1 was prepared to show the tine necessary for a 
representative sample to appear at the samplln* end of a pipa 
lit io* long. Table 2 indicates the effect of varying gas rate 
upon atomisation and hence the amount of gas absorbed from 
pure carbon dioxide. Table 5 shows the results of using a 
carbon dioxide - air mixture for the gas and varying the rates 
snd composition of the gas mixture. Table 4 shows the effect 
of different type collectors on the amount of carbon dioxide 
absorbed* The carbon dioxide and air rates were maintained 
constant but the water rata varied somewhat due to the water 
main pressure. Runs 12 - 16 were made one day and runs 17 - 

36 were made the next day. Table 5 shows a comparison of 
analytical methods. Two samples were taken on each run. Runs 

37 snd 38 wars made one day and runs 39 - 47 were made the next 
day. All samples of runs 1-30 had been analysed by titration 
with barium hydroxide. Table 6 Indicates the effect of chang- 
ing gas composition on tha amount of carbon dioxide absorbed. 
The method of analysis used on the samples for table 6 was 
that of neutralisation of the sample with excess barium hydrox- 
ide and titration of the excess alkali with hydrochloric acid. 
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CO** PAR IS OH OP RESULTS 

The results of this experiment were compared with results 
obtained from a packed column experiment*® in order to Judge 
the effectiveness of atomisation in adsorption* The data from 
the literature*® was converted to grams of carbon dioxide per 
hundred grams of water as a basis of comparison. Three runs 
from Table II, page 991, reference 10 were found to have per- 
centage composition nearly the same as runs made in the present 
experiment and these runs wore selected for comparison. 

These comparisons cn bo used only as rou&h indications 
because of inability at that early date (1927) to construct 
columns large enough and because of the lack of modern Instru- 
mentation* 
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Sample calculations using data from reference 10 to con- 
sort results to grsms of carbon dioxide per 100 grams of water* 
Data taken from Table #11, page 991, reference 10 

16*0 * i* of C0 fi in inlet gas 
21,4°C * Temperature of inlet gas 
3*94 lit/min * inlet gas rate 
7*2 * Jf of C0 g in exit gas 
22.4°C * Temperature of exit gas 
3*56 lit/min * exit gee rate 
7# 6 lit/min ** water rate 
8*8°c * water tamperature 

3*94 x *16 x 273 * ,684 liters of C0» in Inlet gea con to S. C* 

29374 4 

3*5© x .072 x 273 * *237 liters of C0 o in exit gas con te S* C* 

25F.4 * 

( *584 - *237 ) x 44 * *009 grams of C0„/l00 grams of H fi 0 

2* 4 x V# 
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C0NCLU3I0SS 

The work done In this experiment was of an exploratory 
nature Into th® field of adsorption toy atomisation* The corn- 
par is Ion of results with thoae found in the literature on 
adsorption toy use of packed columns shows that apparently a 
higher degree of atoeorbate in absorbent can toe obtained toy 
the method of atomisation then by the method of packed col- 
umnar 

When pure cartoon dioxide was used as the gas, it was 
found. Table 1, that the handbook” equllibrua values of car- 
bon dioxide in water could toe attained almost instantaneously 
toy the method of atomisation* 

It should toe pointed out that the experimental equipment 
used was of a fairly roufh design and also that the accuracy 
of the data from the literature which was used as a basis of 
comparision was not verified toy the authors* The authors con- 
template doing further work in this field using better equip- 
ment and different systems* 



K44U39I 






rtftt*-*!'*' aa t .mm lift* cl atxmL »*» t«n 

•• +** 4»» I •••!*> 49 n 0K>| '«*«*■• lo 0J»J> 411 oiai 9 *r,«« 

m Mffi fli Ut> c? 14 u» f*f% •i/ nt lo 00 1* I**, 

# laM •«»*• r»Xe> to'*** >« 19 , {f «vf*noo»* 

v< N^*«»d* *» d da^iOiM *W .«***»»<• 

w#»«* v Win*.* *rc4 r» "*«i u.««« * 1 * 

-• " j ^ h- • IB *' 

^ .*^1 M4 M 4l<r IM i^JMJk .*» .<Uf Mifil 

’«* *> ••*** Ncxx'taod 14J Ml ,4 » Uf k .j m \ 

f'0%lA iMilflA *<f U*m% i»}<* iU %Mi4i| no 9 

J*j4%»*aK)» b h9AJ«B Ml *0 
riickiTttu M tmto IM to-j.ro* •« n ^ f* tj 
•« »W» •*!« Ml mtiox I JOI tfUJl 4 W mmw t*«* 
lo iJtM • m t>*&v u« 9>Lii nWn<i««l aol *im «4f U 

*" A4 *'»- rt ** *> tf #M MV AO AllMQm* 

V*it» %C#rl IX 9000 vaul^ |0 loft Ol.tqiO/ 







21 



BIBLIOGRAPHY 

1. Joyce, J. R., Journal of the Institute of Fuel. 22, 150(1949)* 

2. Kukiyarsa, S., and Tanas awa, Y., T ransaction, Society Mechanical 
Engineers (Japan), 4, Ho* 14, 8CTI$3SV» “ " " 

3. Ibi£«» 1# No. 15, 158(1958)* 

4* Ibid . , 5, Mo. 18, 65(1939). 

6. Ibid., 6, Ho. 18, 68(1939). 

6. Ibid .. 6, Ho. 22, 11-7(1940). 

7* Lewis, H. C., at al., Industrial and Engineering Chavis try. 40. 
67(1948). 

8. Mugele, R. A., and Evans, H. D., Ibid .. 43, 1317(1951). 

9. Koch, H. A#, Jr.» at al. , Chanloal Engineering Pro re«A. 45. 
677(1949). 

10. Cantalo, R* C., Slraons, C. W., at al., Industrial and En^ln- 
aorlng Chemistry. 19 . 989(1927). 

11. Eodgran, C. D. , editor, Handbook of Chemistry and Physics , 
(twsnty-thlrd edition; Clevelands ~“Chem leal Rubber Publishing 
Company, 1939) , p* 1014. 



IS 



SIP I 



iLZMk+l*.. XILLjZ: — 



— a—' — L »:JL «* - 

;s 4 ... ,. ... 

•r ,1 <{»aq«w) g ; .... r 



. : -•vi).; r,i ,* i . t .^1 

»( c< 4J)e« «*f t>4 _ t . ft|,Q 

,«| ^ ,.^1 
.c**o*-n ,» «* 4 

4 * i ug ,.j> «. ,, ... 

. . ' * * v : • » , .c^ t . . •*,.*. , ar.*« 

^ MTi^ lUimMiialM » .< ,au 

.<•**!) v. 



* . 
,r 

«T 

.- 



»«» 



to ,.l» 



j;* } * - • ,£i*-.’-o 

s * , *' 1 '*‘* <5. *r: _. 




. i 
... 



VITAS 



Name: Janes Roacoe Brans cons 

Bom* 51 October 1921} Hlllsvllle, Virginia 

Parents: John Sidney and Wattle Parmer Branaconse 

Education: 



North Carolina State College, Kalelgi 1958-42 

(Degree of Bachelor of Chemical Engineering 
awarded June 1942) 

U* S. Naval Postgraduate School 1949-50 

Lehigh University 1950-51 

Professional Experience: 

Ammunition Handling and Stowage Officer 1942-44 

Ammunition Issuelng Officer 1944-46 

Naval Ammunition Depot, Puget Sound, Wash, 
Assistant Plrst Lieutenant 

TIBS Houston (CL81) 1947 

Operations Officer 

USS Meredith (DDQ90) 1948-49 



Name: Mavis X. Polk 

Born: 19 January 1922j Islandton, South Carolina 

Parents: Raymond Calvin and Zola Codley Polk 

Education: 



Middle Georgia College, Cochran, Georgia 1940-41 

Clemson AIM College, Clerason, S* C* 1941-43 

(Degree of Bachelor of Science awarded Feb* 1944) 
University of South Carolina, Columbia, S* C* 1945-44 

U# S* Naval Postgraduate School 1949-50 

Lehigh University 1950-51 

Professional Experience: 

Executive Officer fc Officer-ln-Charge 

LC T- 1069 1944-46 

Assistant Offleer-ln-Charge HMR-DO, Atlanta, 

Georgia 1946 

Personnel Officer, USS Coral Sea (CVB45) 1947 

Junior Division Officer, Main Engines 

USS Coral Sea (CVB45) 1948 

Rep A* it Damage Control Division Officer 

U3S Coral Sea (CVB45) 1948-49 



t -ft S 

.All'-.LU. rlW: *»j «IK i» , i/i 

* -• #..«•„ •»• •>••*’ f •/..'• t .» ; , . . »«-•>•• 

»iml • * ' <» i 



** j /< - • ■** 

1«mj ..«>a 

3*«i *1 J>. . ,1i 

l* Mm* i f*l»*»**I*B * A*aJ 

t-runrti /w«r ;-M. lot* 



• - i - • - « * : 

•*“Wi *?»«i'aa •• . • 

,* 03 f'r'r' no! / Jjm 

. ♦, ,, t #-1 ! ! 1 *t*»* ’ «• « 

wr (Ian) «*r 

*>-»>*■£ (6c*xj) ->!j*i^ n*a 



» 1 I « ♦ ^ I I ♦ »♦**•♦*«* *¥•» **'•»♦»* 

*i« ■« ,1 i)Mk to #1 

•* 4 wl'Mfl. *H £ -1*1 *L ( 'M»fl 

ft r^itm *it 0X» f • * »•* r 



; ■: 1 t.vfejur 



!♦-.> £ aJ *«*> .'X*. «•■ : 1 

l « . *» r XJ • • / / i •: 

m.*£ .■•• ••»&*•*•# »aa»Ur. \» ' •* » 

.'-'•• ■' . .• t - • *• .u , • - •'*• '• /:j .«*X«o 

y-PtlC ! v ,„v.- l*r« ,- , 

U-W£ fflnvfeirt f%iM 

;i .kin,'/*. f»Jv>i» W.o . 



. .- I «•, . PO 4 iv: 0 **> 1 

M-Ml 

.•VI* 'I v *• • .» • ' >»it i !*• ' 

* ♦<. I 4l* Tv V 

v*vr (t** ) i nov ■» ,»* mo u, n>«iot 

ja. -te» • ; Vfr noiii i 

•HI <«#-*>) ne Lw) Mr 

toolIV) »Uivr Irt*^: «%aap| a <ict 
H Mil * ) Ml Iivo M? 






16003 



Thesis 

B8015 Branscome 

Gas absorption by 
atomization. 



Library 

U. S. Naval Postgraduate School 
Monterey, Cabfornla 



